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FLEX 10K Embedded Programmable Logic Device Family Data Sheet

Figure 4. FLEX 10K Embedded Array Block
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Note:

(1) EPF10K10, EPF10K10A, EPF10K20, EPF10K30, EPF10K30A, EPF10K40, EPF10K50, and EPF10K50V devices have
22 EAB local interconnect channels; EPF10K70, EPF10K100, EPF10K100A, EPF10K130V, and EPF10K250A devices
have 26.

12 Altera Corporation



FLEX 10K Embedded Programmable Logic Device Family Data Sheet

Cascade Chain

With the cascade chain, the FLEX 10K architecture can implement
functions that have a very wide fan-in. Adjacent LUTs can be used to
compute portions of the function in parallel; the cascade chain serially
connects the intermediate values. The cascade chain can use a logical AND
or logical OR (via De Morgan’s inversion) to connect the outputs of
adjacent LEs. Each additional LE provides four more inputs to the
effective width of a function, with a delay as low as 0.7 ns per LE. Cascade
chain logic can be created automatically by the Compiler during design
processing, or manually by the designer during design entry.

Cascade chains longer than eight bits are implemented automatically by
linking several LABs together. For easier routing, a long cascade chain
skips every other LAB in a row. A cascade chain longer than one LAB
skips either from even-numbered LAB to even-numbered LAB, or from
odd-numbered LAB to odd-numbered LAB (e.g., the last LE of the first
LAB in a row cascades to the first LE of the third LAB). The cascade chain
does not cross the center of the row (e.g., in the EPF10K50 device, the
cascade chain stops at the eighteenth LAB and a new one begins at the
nineteenth LAB). This break is due to the EAB’s placement in the middle
of the row.

Figure 8 shows how the cascade function can connect adjacent LEs to form
functions with a wide fan-in. These examples show functions of 4n
variables implemented with 1 LEs. The LE delay is as low as 1.6 ns; the
cascade chain delay is as low as 0.7 ns. With the cascade chain, 3.7 ns is
needed to decode a 16-bit address.

Figure 8. Cascade Chain Operation
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22

During compilation, the Compiler automatically selects the best control
signal implementation. Because the clear and preset functions are active-
low, the Compiler automatically assigns a logic high to an unused clear or
preset.

The clear and preset logic is implemented in one of the following six
modes chosen during design entry:

Asynchronous clear

Asynchronous preset

Asynchronous clear and preset
Asynchronous load with clear
Asynchronous load with preset
Asynchronous load without clear or preset

In addition to the six clear and preset modes, FLEX 10K devices provide a
chip-wide reset pin that can reset all registers in the device. Use of this
feature is set during design entry. In any of the clear and preset modes, the
chip-wide reset overrides all other signals. Registers with asynchronous
presets may be preset when the chip-wide reset is asserted. Inversion can
be used to implement the asynchronous preset. Figure 10 shows examples
of how to enter a section of a design for the desired functionality.
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Figure 10. LE Clear & Preset Modes
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The flipflop can be cleared by either LABCTRL1 or LABCTRL2. In this
mode, the preset signal is tied to V¢ to deactivate it.
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Figure 22 shows the typical output drive characteristics of EPF10K10A,
EPF10K30A, EPF10K100A, and EPF10K250A devices with 3.3-V and 2.5-V
Vccio- The output driver is compliant with the 3.3-V PCI Local Bus
Specification, Revision 2.2 (with 3.3-V V ¢jp). Moreover, device analysis
shows that the EPF10K10A, EPF10K30A, and EPF 10K100A devices can
drive a 5.0-V PCI bus with eight or fewer loads.

Figure 22. Output Drive Characteristics for EPF10K10A, EPF10K30A & EPF10K100A Devices
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Figure 23 shows the typical output drive characteristics of the
EPF10K250A device with 3.3-V and 2.5-V V¢cio.
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Table 40. EPF10K10 & EPF10K20 Device I0E Timing Microparameters ~ Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max
tiop 1.3 1.6 ns
tioc 0.5 0.7 ns
tioco 0.2 0.2 ns
tiocoms 0.0 0.0 ns
tiosu 2.8 3.2 ns
tioH 1.0 1.2 ns
tiocLr 1.0 1.2 ns
top1 2.6 3.5 ns
top2 4.9 6.4 ns
tops 6.3 8.2 ns
txz 4.5 5.4 ns
trx1 4.5 5.4 ns
tzxo 6.8 8.3 ns
tzxs 8.2 10.1 ns
tNREG 6.0 7.5 ns
tiorFD 3.1 35 ns
tincomB 3.1 3.5 ns
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Table 41. EPF10K10 & EPF10K20 Device EAB Internal Microparameters  Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max

tEABDATAL 15 1.9 ns
tEABDATA2 4.8 6.0 ns
tEABWEL 1.0 1.2 ns
tEABWE2 5.0 6.2 ns
tEABCLK 1.0 2.2 ns
tEABCO 0.5 0.6 ns
teABBYPASS 15 1.9 ns
teABSU 15 1.8 ns
tEABH 2.0 25 ns
tan 8.7 10.7 ns
twe 5.8 7.2 ns
twbsu 1.6 2.0 ns
twpH 0.3 0.4 ns
twasu 0.5 0.6 ns
twaAH 1.0 12 ns
two 5.0 6.2 ns
top 5.0 6.2 ns
tEABOUT 0.5 0.6 ns
teaABCH 4.0 4.0 ns
teaBCL 5.8 7.2 ns
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Table 50. EPF10K30, EPF10K40 & EPF10K50 Device EAB Internal Microparameters ~ Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max
tEABDATAL 15 19 ns
tEABDATA2 4.8 6.0 ns
tEABWEL 1.0 1.2 ns
tEABWE2 5.0 6.2 ns
tEABCLK 1.0 2.2 ns
tEABCO 0.5 0.6 ns
teABBYPASS 15 1.9 ns
teABSU 15 1.8 ns
tEABH 2.0 25 ns
tan 8.7 10.7 ns
twe 5.8 7.2 ns
twbsu 1.6 2.0 ns
twpH 0.3 0.4 ns
twasu 0.5 0.6 ns
twaAH 1.0 12 ns
two 5.0 6.2 ns
top 5.0 6.2 ns
tEABOUT 0.5 0.6 ns
teaABCH 4.0 4.0 ns
teaBCL 5.8 7.2 ns
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Table 61. EPF10K70 Device Interconnect Timing Microparameters  Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tDIN2IOE 6.6 7.3 8.8 ns
{pIN2LE 4.2 4.8 6.0 ns
{pIN2DATA 6.5 7.1 10.8 ns
tbcLk210E 55 6.2 7.7 ns
tbeLkeLE 4.2 4.8 6.0 ns
{SAMELAB 0.4 0.4 0.5 ns
tsAMEROW 4.8 49 55 ns
{SAMECOLUMN 3.3 3.4 3.7 ns
{pIFFROW 8.1 8.3 9.2 ns
trtworows 12.9 13.2 14.7 ns
Y EPERIPH 55 5.7 6.5 ns
{ ABCARRY 0.8 0.9 1.1 ns
tLaBcASC 2.7 3.0 3.2 ns
Table 62. EPF10K70 Device External Timing Parameters  Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tDrRR 17.2 19.1 24.2 ns
tinsu (2), (3) 6.6 7.3 8.0 ns
tiy (3) 0.0 0.0 0.0 ns
toutco (3) 2.0 9.9 2.0 11.1 2.0 14.3 ns
Table 63. EPF10K70 Device External Bidirectional Timing Parameters  Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tiINSUBIDIR 7.4 8.1 10.4 ns
tINHBIDIR 0.0 0.0 0.0 ns
touTCOBIDIR 2.0 9.9 2.0 11.1 2.0 14.3 ns
tyzBIDIR 13.7 15.4 18.5 ns
tzxBIDIR 13.7 15.4 18.5 ns
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Table 68. EPF10K100 Device Interconnect Timing Microparameters  Note (1)

Symbol -3DX Speed Grade | -3 Speed Grade | -4 Speed Grade | Unit
Min Max Min Max Min Max

toiN2IOE 10.3 10.3 12.2 ns
tpIN2LE 4.8 4.8 6.0 ns
tDIN2DATA 7.3 7.3 11.0 ns
tocLk210e Without ClockLock or 6.2 6.2 7.7 ns
ClockBoost circuitry

tpcLkzi0e With ClockLock or ClockBoost 2.3 - - ns
circuitry

tpcLkeLE Without ClockLock or 4.8 4.8 6.0 ns
ClockBoost circuitry

tpcLkaLe With ClockLock or ClockBoost 2.3 - - ns
circuitry

tsAMELAB 0.4 0.4 0.5 ns
tsAMEROW 4.9 4.9 55 ns
ISAMECOLUMN 5.1 5.1 5.4 ns
tDIFFROW 10.0 10.0 10.9 ns
trworOWS 14.9 14.9 16.4 ns
t EPERIPH 6.9 6.9 8.1 ns
t ABCARRY 0.9 0.9 11 ns
t ABCASC 3.0 3.0 3.2 ns
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Table 69. EPF10K100 Device External Timing Parameters  Note (1)

Symbol -3DX Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tprRR 19.1 19.1 24.2 ns
tinsu (@), (3), (4) 7.8 7.8 8.5 ns
toutco (3), (4) 2.0 11.1 2.0 11.1 2.0 14.3 ns
ting (3) 0.0 0.0 0.0 ns
tinsu (2), 3), (5) 6.2 - - ns
toutco (3), (5) 2.0 6.7 - - ns
Table 70. EPF10K100 Device External Bidirectional Timing Parameters  Note (1)
Symbol -3DX Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tinsusiDir (4) 8.1 8.1 10.4 ns
tinveiDiR (4) 0.0 0.0 0.0 ns
toutcoriDIR (4) 2.0 11.1 2.0 11.1 2.0 14.3 ns
txzBIDIR 4) 15.3 15.3 18.4 ns
tzxgiDIR (4) 15.3 15.3 18.4 ns
tinsusipir (5) 9.1 - - ns
tinteiDIR () 0.0 - - ns
toutcosiDir (5) 2.0 7.2 — _ _ _ s
txzioir (5) 14.3 - - ns
tzxsiDIR (5) 14.3 - _ ns

Notes to tables:

(1) All timing parameters are described in Tables 32 through 38 in this data sheet.

(2) Using an LE to register the signal may provide a lower setup time.

(3) This parameter is specified by characterization.

(4) This parameter is measured without the use of the ClockLock or ClockBoost circuits.
(5) This parameter is measured with the use of the ClockLock or ClockBoost circuits.
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Tables 71 through 77 show EPF10K50V device internal and external
timing parameters.

Table 71. EPF10K50V Device LE Timing Microparameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max Min Max

tLuT 0.9 1.0 1.3 1.6 ns
teLuT 0.1 0.5 0.6 0.6 ns
tRLUT 0.5 0.8 0.9 1.0 ns
tpACKED 0.4 0.4 0.5 0.7 ns
ten 0.7 0.9 1.1 1.4 ns
tcico 0.2 0.2 0.2 0.3 ns
teEN 0.8 0.7 0.8 1.2 ns
tccENR 0.4 0.3 0.3 0.4 ns
teasc 0.7 0.7 0.8 0.9 ns
te 0.3 1.0 1.3 15 ns
tco 0.5 0.7 0.9 1.0 ns
tcoms 0.4 0.4 0.5 0.6 ns
tsy 0.8 1.6 2.2 2.5 ns
thy 0.5 0.8 1.0 1.4 ns
tpRE 0.8 0.4 0.5 0.5 ns
tolr 0.8 0.4 0.5 0.5 ns
ten 2.0 4.0 4.0 4.0 ns
teL 2.0 4.0 4.0 4.0 ns
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Notes to tables:

(1)  All timing parameters are described in Tables 32 through 38 in this data sheet.

(2) Using an LE to register the signal may provide a lower setup time.
(3) This parameter is specified by characterization.

Tables 78 through 84 show EPF10K130V device internal and external

timing parameters.

Table 78. EPF10K130V Device LE Timing Microparameters Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tLuT 1.3 1.8 2.3 ns
teLut 0.5 0.7 0.9 ns
trLUT 1.2 1.7 2.2 ns
tpACKED 0.5 0.6 0.7 ns
ten 0.6 0.8 1.0 ns
tcico 0.2 0.3 0.4 ns
tcceN 0.3 0.4 0.5 ns
tcGENR 0.7 1.0 13 ns
tcasc 0.9 1.2 15 ns
tc 1.9 2.4 3.0 ns
teo 0.6 0.9 1.1 ns
tcoms 0.5 0.7 0.9 ns
tsy 0.2 0.2 0.3 ns
ty 0.0 0.0 0.0 ns
tpRE 2.4 3.1 3.9 ns
tolr 2.4 3.1 3.9 ns
ten 4.0 4.0 4.0 ns
teL 4.0 4.0 4.0 ns
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Notes to tables:

(1)  All timing parameters are described in Tables 32 through 38 in this data sheet.
(2) Using an LE to register the signal may provide a lower setup time.

(3)  This parameter is specified by characterization.

Tables 85 through 91 show EPF10K10A device internal and external
timing parameters.

Table 85. EPF10K10A Device LE Timing Microparameters Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tLuT 0.9 1.2 1.6 ns
toLut 12 14 1.9 ns
trLUT 1.9 2.3 3.0 ns
tpACKED 0.6 0.7 0.9 ns
ten 0.5 0.6 0.8 ns
tcico 02 0.3 0.4 ns
tcaen 0.7 0.9 1.1 ns
tcGENR 0.7 0.9 11 ns
tcasc 1.0 1.2 1.7 ns
te 1.2 1.4 1.9 ns
tco 0.5 0.6 0.8 ns
tcoms 0.5 0.6 0.8 ns
tsy 1.1 1.3 1.7 ns
ty 0.6 0.7 0.9 ns
tprRE 0.5 0.6 0.9 ns
tolr 0.5 0.6 0.9 ns
ten 3.0 3.5 4.0 ns
toL 3.0 3.5 4.0 ns
Table 86. EPF10K10A Device IOE Timing Microparameters  Note (1) (Part 1 of 2)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max

1.3 15 2.0 ns
toc 0.2 0.3 0.3 ns
tioco 0.2 0.3 0.4 ns
tiocome 0.6 0.7 0.9 ns
tiosu 0.8 1.0 1.3 ns
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Table 101. EPF10K100A Device EAB Internal Microparameters  Notfe (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
teABDATAL 1.8 2.1 2.4 ns
tEABDATA2 3.2 3.7 4.4 ns
tEABWEL 0.8 0.9 11 ns
teABWE? 2.3 2.7 31 ns
teaABCLK 0.8 0.9 1.1 ns
teaBCO 1.0 11 14 ns
tEABBYPASS 0.3 0.3 0.4 ns
teasU 1.3 1.5 1.8 ns
teagH 0.4 05 0.5 ns
tan 4.1 4.8 5.6 ns
twp 3.2 37 4.4 ns
twosu 2.4 2.8 3.3 ns
tWwDH 0.2 0.2 0.3 ns
twasu 0.2 0.2 0.3 ns
twan 0.0 0.0 0.0 ns
two 3.4 3.9 4.6 ns
top 3.4 3.9 4.6 ns
teaBOUT 0.3 03 0.4 ns
teaBCH 2.5 35 4.0 ns
teaBCL 3.2 3.7 4.4 ns
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Table 103. EPF10K100A Device Interconnect Timing Microparameters  Noie (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
toiN2IOE 4.8 5.4 6.0 ns
tDIN2LE 2.0 2.4 2.7 ns
{DIN2DATA 2.4 2.7 2.9 ns
tbcLk210E 2.6 3.0 35 ns
tbcLkeoLE 2.0 2.4 2.7 ns
{sAMELAB 0.1 0.1 0.1 ns
tsAMEROW 15 1.7 1.9 ns
tsamMECOLUMN 5.5 6.5 7.4 ns
IbiIFFROW 7.0 8.2 9.3 ns
trworows 8.5 9.9 11.2 ns
Y EPERIPH 3.9 4.2 45 ns
YL ABCARRY 0.2 0.2 0.3 ns
fLaBCASC 0.4 0.5 0.6 ns
Table 104. EPF10K100A Device External Timing Parameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tbRR 12.5 14.5 17.0 ns
tinsu (2), (3) 3.7 45 5.1 ns
tin (3) 0.0 0.0 0.0 ns
toutco (3) 2.0 5.3 2.0 6.1 2.0 7.2 ns
Table 105. EPF10K100A Device External Bidirectional Timing Parameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tiINSUBIDIR 4.9 5.8 6.8 ns
tINHBIDIR 0.0 0.0 0.0 ns
tOUTCOB|D|R 2.0 53 2.0 6.1 2.0 7.2 ns
tXZBIDIR 7.4 8.6 10.1 ns
tzxBIDIR 7.4 8.6 10.1 ns
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Table 107. EPF10K250A Device IOE Timing Microparameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tiop 1.2 1.3 1.6 ns
tioc 0.4 0.4 0.5 ns
tioco 0.8 0.9 11 ns
tiocoms 0.7 0.7 0.8 ns
tiosu 2.7 3.1 3.6 ns
tion 0.2 0.3 0.3 ns
tiocLr 1.2 1.3 1.6 ns
top1 3.2 3.6 4.2 ns
top2 5.9 6.7 7.8 ns
tops 8.7 9.8 11.5 ns
tyz 38 4.3 5.0 ns
trx1 3.8 4.3 5.0 ns
tzxo 6.5 7.4 8.6 ns
tzx3 9.3 10.5 12.3 ns
tiNREG 8.2 9.3 10.9 ns
tiorp 9.0 10.2 12.0 ns
tincomB 9.0 10.2 12.0 ns
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Table 110. EPF10K250A Device Interconnect Timing Microparameters  Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max

toinzioE 7.8 8.5 9.4 ns
IpiN2LE 2.7 3.1 35 ns
{pIN2DATA 1.6 1.6 1.7 ns
IbcLk210E 3.6 4.0 46 ns
tbcLkaLE 2.7 3.1 35 ns
tSAMELAB 0.2 0.3 0.3 ns
tsAMEROW 6.7 7.3 8.2 ns
tSAMECOLUMN 2.5 2.7 3.0 ns
tDIFFROW 9.2 10.0 11.2 ns
trworows 15.9 17.3 19.4 ns
t EPERIPH 7.5 8.1 8.9 ns
Y ABCARRY 0.3 0.4 0.5 ns
fLaBCASC 0.4 0.4 0.5 ns

Table 111. EPF10K250A Device External Reference Timing Parameters  Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit

Min Max Min Max Min Max
{brRR 15.0 17.0 20.0 ns
tinsu (2),(3) 6.9 8.0 9.4 ns
tine 3) 0.0 0.0 0.0 ns
toutco (3) 2.0 8.0 2.0 8.9 2.0 10.4 ns

Table 112. EPF10K250A Device External Bidirectional Timing Parameters  Note (1)

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tINSUBIDIR 9.3 10.6 12.7 ns
UNHBIDIR 0.0 0.0 0.0 ns
tOUTCOB|D|R 2.0 8.0 2.0 8.9 2.0 104 ns
txZBIDIR 10.8 12.2 14.2 ns
tZXB|D|R 10.8 12.2 14.2 ns
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fvax = Maximum operating frequency in MHz

N = Total number of logic cells used in the device

togrc = Average percent of logic cells toggling at each clock
(typically 12.5%)

K = Constant, shown in Tables 114 and 115

Table 114. FLEX 10K K Constant Values

Device K Value
EPF10K10 82
EPF10K20 89
EPF10K30 88
EPF10K40 92
EPF10K50 95
EPF10K70 85
EPF10K100 88

Table 115. FLEX 10KA K Constant Values

Device K Value
EPF10K10A 17
EPF10K30A 17
EPF10K50V 19
EPF10K100A 19
EPF10K130V 22
EPF10K250A 23

This calculation provides an I estimate based on typical conditions with
no output load. The actual I should be verified during operation
because this measurement is sensitive to the actual pattern in the device
and the environmental operating conditions.

To better reflect actual designs, the power model (and the constant K in
the power calculation equations) for continuous interconnect FLEX
devices assumes that logic cells drive FastTrack Interconnect channels. In
contrast, the power model of segmented FPGAs assumes that all logic
cells drive only one short interconnect segment. This assumption may
lead to inaccurate results, compared to measured power consumption for
an actual design in a segmented interconnect FPGA.

Figure 32 shows the relationship between the current and operating
frequency of FLEX 10K devices.
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Figure 32. Igcactive vS- Operating Frequency (Part 2 of 3)
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